In this preliminary report, we describe a polyacrylamide gel electrophoresis technique for the resolution of isoenzyme patterns of four isolates of Entamoeba histolytica and one isolate of Entamoeba coli. Our findings were similar to previous findings for three enzyme systems: maleic enzyme (malate dehydrogenase [EC 1.1.1.40]), hexokinase (EC 2.7.1.1), and phosphoglucomutase (EC 2.7.5.1). We found preliminary evidence that glucosephosphate isomerase (EC 5.3.1.9) may also differentiate invasive amoebae from noninvasive amoebae, when the isoenzymes are separated by polyacrylamide gel electrophoresis, whereas this differentiation is not evident with starch-gel electrophoresis. We used an Rf system to relate isoenzyme band mobility to the migration distance of a standard E. histolytica strain (HK-9). The numerical identification of isoenzyme bands can simplify the grouping of isolates into zymodemes.
Sargeaunt and Williams (6, 7) and Sargeaunt and co-workers (8-10) have used starch-gel electrophoresis of selected isoenzymes as a basis for distinguishing pathogenic (invasive) isolates from nonpathogenic isolates of Entamoeba histolytica. This method also provides an additional means for identifying and separating various genera of amoebae inhabiting the human intestine.
The following report is an initial evaluation of polyacrylamide as the supporting matrix for electrophoresis of enzymes from extracts of E. histolytica and Entamoeba coli isolates. This method yielded results similar to those previously reported (6) (7) (8) (9) (10) 2). The dishes were covered and incubated for 45 to 60 cleanly separated, there was frequently some min at 37°C. The staining solution was removed; the cross-contamination between the two preparagels were rinsed with deionized water and finally fixed tions. Generally, bacterial enzymes migrate farwith 7% (vol/vol) acetic acid. Stained gels were photo-ther than enzymes derived from amoebae (6) .
graphed, and the gels were discarded.
Extracts from E. histolytica (HK-9) were included in Occasionally, a faint band of activity In the all electrophoretic runs. The migration distance of the bacterial control occurred at the same relative enzyme band(s), measured from the leading edge of moblity as a strong band in the amoebic prepathe sample slot to the center of the stained enzyme, ration. In such cases, the faint band was aswas recorded. An Rf value was calculated for each sumed to be of amoebic origin. Similary, faint isoenzyme, based on the migration distance of the bands in both the amoebic preparation and the HK-9 band (Rf = 1.0) located closest to the sample bacterial controls may have been due to phagoapplication point. cytosed bacteria; thus, such bands (Fig. 3 , lanes RESULTS 4 and 5) were considered to be of bacterial RESULTS~~~~~o rigin.
Isoenzyme patterns from the amoebae and the Malic enzyme (L-malate:NADP+ oxidoreducbacterial controls are shown in Fig. 1, 2, 3 , and tase [oxaloacetate-decarboxylating] did not ap-4. Because bacteria and amoebae could not be pear in the bacterial control samples (Fig. 1) of the E. histolytica isolates tested contained only a single isoenzyme moiety (Rf = 1.0). Some isolates (Fig. 1, lanes 2, 3 , and 10) may have had two poorly separated bands but were considered to have single bands. The E. coli isolate contained an isoenzyme with a faster mobility (Rf = 1.2), thus differentiating this species. This observation agrees well with that of Sargeaunt and Williams (6) . Two distinctive patterns of hexokinase activity were detected (Fig. 2) . Noninvasive isolates of E. histolytica (Webb, lane 2, and CDC-0382-1, lane 7) exhibited a two-band pattern with Rf values of 0.7 and 1.1, respectively. The invasive isolates (HK-9 and HSC-1) also had a two-band pattern, but with Rf values of 1.0 and 1.4, respectively. Hexokinase activity was not detected in the E. coli isolate.
Phosphoglucomutase activity appeared to differentiate invasive from noninvasive isolates of E. histolytica, as well as this species from E. coli (Fig. 3) . The invasive isolates HK-9 and HSC-1 had a single band (Rf = 1.0), whereas the two noninvasive isolates had unique patterns. The Webb isolate had a single band (Rf = 0.8), and CDC-0382-1 had two bands (Rf = 0.8 and 1.2). The E. coli isolate had a single fast-moving band (Rf = 3.1).
Glucosephosphate isomerase activity also appeared to differentiate invasive from noninvasive isolates (Fig. 4) . Both invasive isolates demonstrated a single enzyme band (Rf = 1.0). The isolate designated Webb had a single band (Rf = 0.9), and CDC-0382-1 had two bands (Rf = 0.9 and 1.3). The single band of glucosephosphate isomerase activity found in the E. coli isolate had an Rf value of 4.1. Our findings differ from those of Sargeaunt and Williams (10), who found one isoenzyme band which was common to all E. histolytica isolates, with some isolates containing an additional band(s). VOL. 17, 1983 tics of parasite populations. Because enzymes (isoenzymes) are under direct genetic control, they can serve as markers for distinct populations. A particular isoenzyme may itself contribute directly to a biological characteristic such as invasiveness due to its activity under a specific set of circumstances. On the other hand, the gene for a particular isoenzyme may segregate with other genes which direct biological characteristics such as pathogenicity or drug resistance. In either case, isoenzymes can be used as markers that offer a shortcut to more tedious methods of assay.
Sargeaunt and co-workers (6, 8, 9) have demonstrated the value of starch-gel isoenzyme electrophoresis in typing intestinal amoebae for speciation and for invasiveness. We have evaluated a PAGE-isoenzyme system and have found it to yield results similar to the findings with the starch-gel system. We believe that the PAGE system may offer future advantages, in that it can be prepared in a gradient configuration (3) which aids in separating protein molecules on the basis of size and shape as well as differences in charge.
Although we report here the characterization of only a few isolates, examination of additional E. histolytica isolates by our methods has yielded results which agree with these data. We have not yet grouped E. histolytica isolates into zymodemes as have workers in England (8), but we expect to as more isolates are examined.
Our studies are continuing as new isolates are obtained. Additional enzyme systems will be evaluated as part of an ongoing program. Because this endeavor is in its infancy and promises to be a valuable aid in the study of amebiasis, consideration should be given to establishing well-characterized strains as standards so that a common terminology can be established for E. histolytica zymodemes.
